METHOD
INTRODUCTION
Hypertension is a major risk factor for cardiovascular disease, as well as many other health conditions, and is prevalent both in the US and worldwide. 1, 2 Despite the widespread availability and use of effective pharmacological treatments, only half of patients with hypertension, according to one study, achieve blood pressure control, defined as a systolic blood pressure (SBP) of <40 mmHg and diastolic blood pressure (DBP) of <90 mmHg. 3 A major contributing factor to this poor outcome is patient non-adherence to prescribed therapies, as adherent patients are more than three times as likely as non-adherent patients to achieve blood pressure control. 4 Physicians and researchers have long relied on multipleitem patient-reported surveys to evaluate adherence and its effect on treatment outcomes. However, these surveys are time consuming and unreliable, as patients frequently overestimate their adherence. 5, 6 Other strategies, such as pill counts and pharmacy refill rates, while showing some promise, still do not constitute a 'gold standard' for the evaluation of patient adherence. 7 To better evaluate and understand adherence, healthcare providers require a tool that is reliable, easy to administer, and can be integrated seamlessly into routine clinical practice. This need is particularly acute in primary care settings, where clinicians typically work 50-60 hours per week in multiple roles. 8 While past research has focused on multiple-item patient-rated surveys, this study used a large sample size to evaluate two single-item physician-administered tools for evaluating adherence: the first item of the Basel Assessment of Adherence Scale (BAAS) and the Visual Analogue Scale (VAS).
Aim
To examine whether two simple, single-item physician-administered measures of patient adherence to antihypertensive medication are predictive of blood pressure outcomes.
Design and setting
Retrospective database analysis of patients with hypertension treated in Belgian primary care.
Method
Using pooled data from five observational studies, a sample was identified of 9725 patients who were assessed using two single-item physician-administered measures of adherence to antihypertensive medication: the first item of the Basel Assessment of Adherence Scale (BAAS) and the Visual Analogue Scale (VAS). These two assessment tools were administered by GPs during regular appointments with patients. Systolic blood pressure (SBP), diastolic blood pressure (DBP), and combined SBP/DBP were measured at baseline and at 90 days.
Results
BAAS-identified adherent patients achieved lower mean SBP and DBP compared with nonadherent patients at 90 days (P<0.001), and had odds ratios of achieving blood pressure control of 0.66 (95% confidence intervals (CI) = 0.61 to 0.73, P<0.001) for SBP, 0.69 (95% CI = 0.62 to 0.76, P<0.001) for DBP, and 0.65 (95% CI = 0.59 to 0.72, P<0.001) for combined SBP/DBP. For VAS-identified adherent patients, the odds ratios of achieving blood pressure control were 0.93 (95% CI = 0.86 to 1.00, P<0.001) for SBP, 0.79 (95% CI = 0.73 to 0.85, P<0.001) for DBP, and 0.91 (95% CI = 0.84 to 0.99, P<0.001) for combined SBP/DBP.
Conclusions
The first item of the BAAS and the VAS are independent predictors of blood pressure control. These methods can be integrated seamlessly into routine clinical practice by allowing GPs to quickly evaluate a patient's adherence and tailor treatment recommendations accordingly.
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Predicting blood pressure outcomes using single-item physician-administered measures:
a similar design and included a baseline assessment at the time valsartan treatment was initiated and at a follow-up assessment 90 days later. 10 These were observational studies and all data were collected from routine clinical practice. The common methodology of these studies has been described in detail elsewhere; 10 however, essential elements are summarised in Table 1 .
The pooled data set included a total of 9725 patients. Adherence data were available for 9394 patients and these patients constituted the sample for the analysis reported here. While a database was initially consulted that included seven valsartan studies and a total of 17 516 patients, two studies were omitted because they did not contain patient adherence data. All patients provided informed consent, and ethical approvals were obtained from appropriate committees.
Measures
At both baseline and 90-day follow-up, SBP and DBP were measured three times in a sitting position with an oscillometric device at 1-2 minute intervals. The mean of these three measurements was reported. Physicians also collected data on patient adherence using the four-item BAAS and the VAS. Other demographic and clinical data were collected at baseline. Due to small disparities across the five studies in terms of these data, as well as the research interests, the only variable linked with blood pressure outcome at 90 days was adherence status. The horizontal line on which physicians placed their marks was anchored by 0% (no medication taken in the past month) and 100% (every single dose was taken in the past month), with demarcations provided for every 10th percentile. VAS scores were converted to a dichotomous response in order to categorise patients as adherent (VAS score of ≥80%) or non-adherent (VAS score <80%). 13, 14 The questionnaire did not instruct clinicians to ask any particular questions to determine a VAS score and instead rely on their clinical impression.
Statistics
A two-tailed t-test was conducted to determine whether mean blood pressure values were different for adherent and non-adherent patients, as classified by the first item of the BAAS, and to determine whether mean blood pressure values were significantly different between patients above and below the 80% cut-off of VAS score. Logistic regression analysis was performed to estimate the odds of blood pressure control of adherent patients according to each measure. Additionally, the cumulative incidence function of blood pressure control was calculated as a function of VAS score. Statistical significance was indicated by a P-value of <0.05. Data were analysed using Stata (version 11). 
RESULTS

How this fits in
Patient adherence to medication regimens is a critical component of achieving positive treatment outcomes. Despite this, patient adherence is often not monitored because existing methods of evaluating adherence are either overly time consuming or do not accurately predict treatment outcomes. This study demonstrates that two simple single-item physicianadministered methods of evaluating adherence are predictive of blood pressure after 90 days of antihypertensive therapy. The incorporation of these tools into clinical practice could improve treatment outcomes by allowing physicians to better monitor adherence and encourage patients to more closely follow treatment.
hypertension (SBP 140-159 mmHg and/ or DBP 90-99 mmHg), and 26.8% had Grade 2 hypertension (SBP 160-179 mmHg and/or DBP 100-109 mmHg), according to guidelines published by the European Society of Hypertension and the European Society of Cardiology. 15 As previously mentioned, patients were recruited to receive valsartan due to a lack of adequate results with other antihypertensive drugs. At the time of study initiation, 78.4% of patients had uncontrolled blood pressure despite prior treatment with other antihypertensive therapies, 8.5% had controlled blood pressure but did not tolerate other antihypertensive therapies, and 13.2% had uncontrolled blood pressure and did not tolerate prior antihypertensive therapies; 66.5% were taking more than one medication.
Using the first item of the BAAS, 74.6% of patients were classified as adherent and 25.4% were classified as non-adherent. As shown in Table 2 , BAAS-classified adherent patients achieved significantly lower mean SBP and DBP measures (135.6 mmHg and 81.0 mmHg, respectively) following treatment than did those who were nonadherent (138.6 mmHg and 83.0 mmHg, respectively) (P<0.001). These nonadherence means were weighted based on the number of responses to each of the five non-adherent answers. The means of each of the five non-adherent responses are included in Table 2 , and suggest that more frequent non-adherence is associated with poorer blood pressure outcomes. Of BAAS-classified adherent patients, 37.6% achieved SBP control (SBP <140 mmHg or <130 mmHg with concomitant diabetes), 53.4% achieved DBP control (DBP <90 mmHg or <80 mmHg with concomitant diabetes), and 33.6% achieved combined SBP/DBP control at e11 British Journal of General Practice, January 2015 Table 4 shows the probability of achieving combined SBP/DBP control using responses from the VAS. Patients with higher VAS scores have significantly higher probabilities of achieving combined SBP/DBP control at 90 days. In Figure 1 , the y-axis represents the probability of reaching blood pressure control. The area closer to zero represents uncontrolled combined SBP/DBP (SBP >140 mmHg or >130 mmHg with concomitant diabetes, and DBP >90 mmHg or >80 mmHg with concomitant diabetes), and the area closer to one represents controlled SBP/DBP (SBP <140 mmHg or <130 mmHg with concomitant diabetes, and DBP <90 mmHg or <80 mmHg with concomitant diabetes).
DISCUSSION Summary
Despite the availability of safe and efficacious pharmacological treatments for hypertension, a large percentage of patients with hypertension do not achieve blood pressure control. [19] [20] [21] This efficacyeffectiveness gap may be caused in part by poor patient adherence. 22 The current study, by evaluating 9725 patients from five observational valsartan studies, supports this claim by demonstrating that medication adherence, as measured by two simple single-item physician-administered queries, is positively correlated with systolic, diastolic, and overall blood pressure control.
These findings support two methods that can be seamlessly integrated into physicians' encounters with patients. While this study does not explicitly statistically compare these methods with each other, both the BAAS and VAS methods were found to be predictive of SBP, DBP, and SBP/DBP control, with odds ratios of similar orders of magnitude (considering they are in the less than 1.00 tail of the respective odds ratios).
Strengths and limitations
A strength of this study is that, to the authors' knowledge, it is the first to evaluate the ability of these two singleitem physician-administered methods of measuring adherence to predict patient outcomes. These items are of particular interest to physicians because they can be easily integrated into routine clinical practice. Another strength is that this study uses a large observational pool of patient data collected in real-life settings, which may increase the reproducibility of the findings. The decision to include these five studies was a pragmatic one. The database analysed was a pooled data set of the databases of seven valsartan studies that employed a similar design; however, adherence data were only available for five studies. The authors recognise the risk of bias and selectivity; on the other hand, the pooling provided access to a large and therefore statistically more stable sample.
Nevertheless, a potential limitation of this study is that it included data from one European country (Belgium), and multi-country data would be needed to generalise the findings to other populations. Accordingly, future research on this topic should include more diverse patient and physician populations.
Another limitation is that the protocols for the studies used in this pooled analysis did not specify when the VAS was to be completed. The authors assume that in most cases this was done after the patient encounter when the physician was completing the case record form for the patient's visit. This might bias the results, certainly at the 90-day mark but also at the enrolment visit (as valsartan-centric regimens are initiated because prior line of treatment was not effective or not tolerated).
Furthermore, because patients have been shown to be more adherent during the initial phase of treatment with a new therapy, 13 future research should include patients at different stages of treatment. Another problem with measuring adherence is the vulnerability of measurements to the Hawthorne effect, that is, a change in patient behaviour as a result of being monitored in a study. This effect may be particularly common when the patient is familiar with the methods being used to measure adherence or anticipates negative consequences resulting from nonadherence.
A number of confounding variables, including age and sex of patient, salt intake, polypharmacy, and coexisting conditions, may influence blood pressure outcomes; therefore, future research is needed to validate adherence generally and these two adherence measures specifically as predictors of blood pressure outcome. However, because the tools evaluated in this study can be easily integrated into practice and because the adherence measures obtained using them are associated with blood pressure outcomes, they may be valuable components of clinical practice.
Comparison with existing literature
Previous studies have also demonstrated a relationship between adherence and blood pressure control. For example, one metaanalysis found that 26% more patients experienced a positive outcome by adhering than not adhering to antihypertensive therapy. This same study found the odds of responding to treatment to be 3.44 times higher in adherent than in non-adherent patients. 4 Nevertheless, many of these studies had small sample sizes and/or employed complex and time-consuming patient-reported questionnaires, most of which are not useful in primary healthcare settings because of physician and patient time constraints. Moreover, patientreported data are unreliable, as patients tend to overestimate their adherence. 5 For these reasons, this study evaluated two single-item physician-administered tools that are easy to administer and can be completed in minimal time.
The first item of the BAAS is a relatively simple and time-efficient method of assessing adherence. The VAS is another simple method that quickly and accurately assesses a physician's impression of a patient's adherence, a finding echoed by Kalichman et al 's study of patients with HIV. 23 While patients responded to the first item of the BAAS, the authors consider the query to be a physician-administered tool because a physician was present, asked the question, and recorded a response. This approach is distinct from surveys in which patients respond independently to questions regarding their adherence, and most research on the unreliability of patient-reported adherence data focuses on these types of independently completed surveys. Furthermore, the first item of the BAAS is a 'Yes/No' question and patients are less likely to lie when asked yes or no questions than when asked more specific questions with a range of responses. While the BAAS traditionally includes four items, this study found that the first question alone: 'Do you recall not having taken your medication some time in the past 4 weeks?' proved to be an independent predictor of blood pressure control, demonstrating a relationship between adherence and effective therapeutic result. Omitting the BAAS's other three questions, which were frequently left unanswered in the five valsartan studies, makes this tool even simpler and easier to administer.
The question of how to best evaluate patient adherence remains open, as no 'gold standard' measure currently exists. Recent research has found no association, for example, between electronic monitoring of the opening of medicine containers and blood pressure outcome. 24, 25 Other methods to assess adherence, such as patient-reported questionnaires, have been shown to be either unreliable or overly time consuming. On the other hand, patient interview methods have been shown to inspire patients to be an active part of treatment decisions, helping to increase adherence. 26 Therefore, methods that involve patients but leave survey administration to physicians, as is the case in the two tools under investigation in this study, are preferable.
Implications for research and practice
Adherence to treatments generally, and to medications in particular, will remain a major concern of health providers, leading researchers to pursue the goal of identifying a gold standard of measuring adherence. However, the argument has been made in the adherence literature that there may not be a gold standard of measurement. 7 Electronic monitoring devices, for instance, only record openings and closings, not actual ingestion. More recent technologies of biosensors embedded in pills (for example, the Proteus ® system) may record ingestion but user concerns about privacy have been considerable. Last, it is impractical, in research and in clinical practice, to order assays of metabolites to verify intake. Therefore, while it is acknowledged that both the BAAS and VAS methods could introduce bias, the authors argue that, despite not providing an exact estimate of each patient's 'true' adherence, they do allow a patient to admit they have missed pills and allow a clinician to provide a rating of his or her impression of the patient's adherence behaviour. Based on the data, the authors would argue that either single-item measure, whether patient admission (through the first item of the BAAS) or clinician impression (through the VAS), might be sufficient because they are predictive of actual blood pressure control. They are also likely to promote discussion and to improve physicianpatient communication.
To promote successful therapeutic results, research is still needed to identify tools for measuring adherence that are practical and useful in clinical settings, and to identify the patient-related, physician-related, and treatment-related determinants of adherence.
